INTRODUCTION
Nearly 25% of the estimated 250 000 species of vascular plants in the world may become extinct within the next 50 yr (Raven 1987) , and 22% of vascular plant species in the United States are currently of conservation concern (Falk 1992) . Plant conservation efforts received a critical boost with the passage of the Endangered Species Act of 1973 (16 U.S.C. § § 1531-1544: USFWS 1988a). The Act established a legal mandate of unprecedented proportions to promote the collection, analysis, and exchange of biological information. It requires that for each endangered or threatened species occurring in the United States, a recovery plan be developed which "delineates, justifies, and schedules the research and management actions necessary to support the recovery of a species" (16 U.S.C. § § 1531 § § -1544 § § : USFWS 1988a . The conservation biologist is faced with the daunting task of identifying the biological information needed to evaluate the causes of endangerment and ensuring the continued survival of the target species in nature, as well as developing criteria to determine when recovery is achieved. The writing and implementation of recovery plans is made more difficult by levels of funding that preclude extensive biological research for every species. This problem is especially acute for plants. Although nearly 50% of the 728 federally listed threatened or endangered species are plants (USFWS 1992a), they received only 8% of recovery funds spent by the U.S. Fish and Wildlife Service in 1990 (Campbelll991) .
Deciding on an appropriate course of action is further complicated by contrasting opinions presented in the conservation literature. One important controversy regards the relative importance of genetic and demographic approaches in conservation efforts (Lande 1 988) . Falk (1992:408) suggests that "the distribution ' For reprints of this Special Feature, see footnote I, p. 583. of genetic variation in rare plant species is a key consideration in conservation strategies," while Holsinger and Gottlieb ( 1991) note that "populations large enough to mitigate ecological threats to population viability will mitigate genetic ones as well " ( 1991 :205) and that "active management of the genetic structure of an endangered plant species will require an enormous investment of time, money, and expertise. Only a few of the most important species will warrant such heroic efforts " ( 1991:206) . With limited funds and such contrary points of view, the conservation biologist charged with species recovery faces an unenviable challenge.
The successful recovery of an endangered species requires the best scientific information available, yet the present level of understanding and communication among research scientists and resource managers is not sufficient to gather and transmit this information. Our objective in this paper is to integrate the theory of plant population dynamics and academic research on rare plants with the practical task of setting guidelines for species recovery.
First, we provide a general review of the ecological and genetic factors influencing demographic changes at population and metapopulation levels. Second, we review research on rare plants surveyed in the scientific literature and evaluate its usefulness in conservation. Third, we identify the biological information necessary for developing recovery guidelines and outline a research approach. This includes assessing the biological "status" of rare species, identifying life history stages most critical to population growth, and identifying the biological causes of demographic variation at these stages. Fourth, we review recovery plans written for 98 species of plants listed as threatened or endangered by the U.S. Fish and Wildlife Service. Here we present information on the biological status of federally listed species, discuss research recommendations, and evaluate criteria used to establish recovery targets. Finally, we discuss the importance of biological, political, and economic constraints to recovery efforts, suggest biological guidelines for the recovery of endangered plants, and identify research priorities in plant conservation. We conclude with a discussion of the need for more effective communication between academic researchers and conservation managers.
FACTORS AFFECTING SPECIES ABUNDANCE
To assess the status of rare plant species, and to prioritize among conservation approaches, we must first understand the factors that affect the numbers of individuals within a species. Plants may pose challenges to conservation efforts that are quite distinct from those of animals. Unique plant characters include seed dormancy, a diversity of mating systems from selffertilization to complete outcrossing, and frequent reliance on animals for the dissemination of pollen and seeds. At some spatial scale, most plant species are patchily dist1ibuted due to their sedentary habit and the spatial heterogeneity of the environment (Levin and Kerster 1974 , Holland and Jain 1981 , Han ski 1985 , Platt and Weiss 1985 , Horvitz and Schemske 1986 . Patchy distributions have been further exaggerated by the activities of humans through habitat destruction and fragmentation. Therefore, predicting extinction or, conversely, ensuring the persistence of species, requires ecological and evolutionary information at more than one spatial scale. In this section we briefly summarize (I) how within-population dynamics are affected by ecological and genetic attributes, and (2) the ways in which the dynamics of a meta population are affected by extinction and colonization patterns.
Within-population dynamics
The growth or decline of a population is determined by its vital rates, i.e., birth, growth, and death (Caswell 1989) . Fig. 1 illustrates how the ecological and genetic characteristics of populations may influence vital rates and how the resulting population size in tum impacts the genetic and demographic composition of the population. Examples of these processes are listed in Table  I . For example, Doak's study (1992, cited in Table 1 ) exploring the effects of herbivory on the demography of dwarffireweed (Epilobium latifolium) is an example of an ecological factor with frequency-dependent effects on population vital rates and growth rate [represented in Fig. I by the horizontal arrow from N,(t) to birth, growth, and death rates, and N,(t + !)].Similarly, Ellstrand and Antonovics ( 1985, cited in Table I) found that populations of sexually derived individuals had higher survivorship and fecundity than did populations of asexually derived individuals (represented in Fig. I by the hatched arrow from allele number and allele frequency to birth, growth, and death rates.)
Ecological interactions between plants and their environment can influence population growth rates via their effects on fecundity, growth, or survivorship of individuals (Fig. 1, Table 1 ). These interactions can be density-dependent or -independent (Harper 1977, Antonovics and Levin 1980) . Ecological processes such TABLE I. Selected examples from the literature illustrating the diversity of ecological and genetic factors influencing population vital rates (see Fig. 1 ). For each study, we report the independent variable measured (factor affecting vital rate), the vital rate affected (b = birth rate and early establishment, g = growth, d = death), and whether its effect on population growth rate (A.) was measured directly ( + = yes, -= no). 
as pollination, which require a minimum density of individuals, may be particularly important in small populations (Allee et al. 1949, Powell and Powell1987) . In addition, biotic interactions such as herbivory may be enhanced along the edges of a population as a result ofhabitat fragmentation (Lovejoy et al. 1983 , Thompson 1985 . Clearly the ecological factors shown to influence vital rates are diverse (Table 1) ; however, their direct effects on growth and persistence of populations have received comparatively little attention. Population genetic processes can influence vital rates through changes in the number and organization of alleles within and among individuals. As with ecological factors, processes affecting genetic diversity in populations can be density (or frequency) -dependent or -independent (Nei 1975 , Hedrick 1983 (Fig. 1) . These processes can result in changes in the number or frequency of alleles in populations and in levels of heterozygosity. Both variables have been shown to be related to vital rates in some plant species (Table 1) . In theory, reduced heterozygosity can result in decreased population growth due to inbreeding depression (Charlesworth and Charlesworth 1987) . Allele richness could contribute to population growth through its effect on evolutionary potential, or the ability of a species to respond to changes in its selective environment (Koehn and Hilbish 19 8 7; R. Lande, unpublished manuscript A recent study of population regulation in mosquitofish (Gambusia holbrooki) found no detectable effect of genetic composition on population growth rate (Leberg 1993 , also see Ayala 1965 for Drosophila). In spite of theoretical relationships between genetic diversity and species persistence, no empirical evidence exists that directly links the genetic composition of plant populations to their growth rate or survival. In addition to the deterministic processes described above, stochastic processes also affect the demographic and genetic composition of populations (May 1973, Brossard and Gilpin 1989) and therefore can impact vital rates (Fig. 1, Table 1 ). The effects of such stochasticity are most acute in small populations. For instance, chance variation in fecundity among individuals in plant populations is common (Crawford 1984 , Heywood 1986 , and as population size shrinks, the birth rate will reflect the collective fecundities of those individuals that persist. Stochastic loss of alleles for quantitative and single gene traits occurs at higher rates in small populations , Houle 1989 , Polans and Allard 1989 , Barrett and Kohn 1991 , Mitchell-Olds 1991 , which may affect the evolutionary potential of a species.
As a result of an increased importance of stochastic processes and changes in ecological interactions in declining populations, the probability of a population extinction is expected to be negatively correlated with its size (MacArthur and Wilson 1967 , Richter-Dyn and Goel 1972 , Leigh 1981 , Wright and Hubbell 1983 . Schoener and Spiller (1987) found that small populations were more likely to go extinct than large ones in several species of Bahamian spiders, and a simulation developed by Shaffer and Samson (1985) predicted that the probability of extinction increased in smaller populations of grizzly bears. The relationship between population size and extinction probability is not as clear for plant species. Several studies suggest that external factors, such as large-scale environmental variation and dispersal rates, which may be independent of size, can be more important determinants of plant population extinction (Quinn and Hastings 1987 , Robinson and Quinn 1988 , Menges 1990 ; B. C. Husband and S. C. H. Barrett, unpublished data).
In summary, population dynamics are a function of genetic and ecological processes. In addition to these intrinsic characteristics of populations, immigration and emigration of individuals can influence vital rates. The potential role of dispersal in regulating the number of individuals in plant taxa reinforces the need to understand the interactions among all populations that comprise a species.
Metapopulation dynamics
In many plants, factors influencing the number of populations may be as important as within-population dynamics in determining whether a species persists or becomes extinct. The geographic structure of such species can be described as a metapopulation, or population of populations (Levins 1970) . Metapopulation structure has been included in several mathematical models of population dynamics that are relevant for plants (Levins 1969 , Bailey 1975 , Anderson and May 1986 , Fahrig 1988 , Hastings and Wolin 1989 , Hastings 1991 . As depicted in Fig. 2 , these models usually involve an array of discrete, suitable habitats, of which only a fraction are occupied at one time. In reality, habitat patches differ in size, quality, and spatial distribution, and the metapopulation constitutes not just the number of populations but their size distribution, spatial arrangement, and genetic heterogeneity. Change in the size of the metapopulation from time t to t + 1 depends on extinction and colonization rates (Levins 1969) .
The metapopulation affects within-population dynamics and hence population persistence through dispersal, which includes migration among inhabited patches and colonization of unoccupied patches (curved arrows in Fig. 2) . Because dispersal will be a function of the number and spatial distribution of populations producing and receiving propagules, populations may be indirectly influenced by disturbance of other populations and habitats nearby. Dispersal can affect population survival through demographic as well as genetic means. Demographically, colonization and migration may either reduce survival as population size drops due to emigration (Lomnicki 1980) or help buffer populations nearing extinction by adding individuals and by recolonizing empty patches (Menges 1990 ). For example, Kadmon and Shmida (1990) showed that 90% of the individuals of the annual grass Stipa capensis in one population arose from immigrant seed. Similarly, colonization and migration can either enhance or diminish levels of genetic diversity in populations (Slatkin 1977 , Wade and McCauley 1988 , Levin 1989 . Much of our understanding of dispersal is based on theory, however, and it has not been shown whether either demographic or genetic components of dispersal have a significant impact on plant population survival.
Metapopulation dynamic processes have implications not only for survival oflocal populations but also for survival of the species. For a species to spread or persist, plants must colonize unoccupied patches at least as frequently as populations become extinct. As a result, there will be a threshold density of patches below which populations cannot persist due to inadequate dispersal (Kermack and McKendrick 1927 , Levins 1970 , Lande 1987 . Even slight changes in the number, density, or quality of patches can have an enormous effect on rates of colonization and extinction, and may be sufficient to tip the balance in favor of regional extinction (Carter and Prince 1981) . Therefore, metapopulation dynamics may be particularly important for species where available habitats as well as extant populations are few (Menges 1986, Primack and Miao 1992) and may explain why the geographic distribution of some plants is more restricted than physiological limits allow Prince 1981, 1988) .
Overall dynamics
The abundance of plant species will result from changes in both the number and size of populations (Brown 1984) . Identifying the relative importance of within-population and metapopulation dynamics, however, is difficult because demographic processes at each level are interdependent. Assuming populations are discontinuous, the most important parameter may be population turnover rate, or the rate of colonization relative to extinction. Carter and Prince (1981) argued that population turnover would be lower in long-lived perennials than in annuals, and therefore habitat quality and within-population dynamics would be more likely to determine their geographic distributions. While the perennial/annual dichotomy may be qualitatively useful in assessing the importance of meta population dynamics, it likely oversimplifies the factors that influence population turnover rates. The importance of within-population vs. metapopulation dynamics is better predicted by the components of population turnover, including dispersal rates (Fahrig and Paloheimo 1988) and the role of environmental variation and catastrophes in causing extinction (Menges 1 990) . The contributions of each of these factors are likely to vary among species and hence will need individual consideration in evaluating the status of rare plants.
EMPIRICAL APPROACHES TO STUDYING RARE SPECIES
It is clear that many factors, operating at a range of spatial scales, may determine the abundance or rarity of plant species ( Figs. 1 and 2 ). The biological information most critical for conserving rare species has been the subject of discussion for the last 20 yr and no consensus has been reached (Duffey and Watts 1971 , Franklin 1980 , Frankel and Soule 1981 , SchonewaldCox et al. 1983 , Soule 1987 , Falk and Holsinger 1991 . Most scientists advocate an approach that is either ecological or genetic in emphasis. Proponents of a population genetic approach have stressed that understanding the organization of genetic diversity is key to the long-term survival of species, since genetic variation is a requisite for evolutionary adaptation (Berry 1971 , Lande and Barrowclough 1987 , Vrijenhoek 1987 , Hamrick et al. 1991 , and may also have short-term fitness consequences (Huenneke 1991 ) . Others assert that autecological research, i.e., characterizing the biotic interactions and habitat requirements of a species, is critical to sound conservation science (Burgman et al. 1988 , Simberloff 1988 , Brussard 1991 . In this section we determine the extent to which genetic and ecological approaches are used in studies of rare plants through a survey of the scientific literature and then discuss their effectiveness in conservation programs.
We examined studies of rare or endemic plants published in nine scientific journals (American Journal of Botany, Biological Conservation, Conservation Biology, Genetics, Ecological Applications, Ecology, Evolution, Natural Areas Journal, and Oecologia) from 1987 to 1992, plus studies cited within these papers and within a Life Sciences Database at the University of Washington. All studies with the exclusive purpose of clarifying taxonomic boundaries of rare plants were excluded from the analysis. For each remaining paper we noted the rationale for the project (motivated by conservation or not), the research methods used (genetic and/or ecological; demographic or not), and whether implications for conservation were considered in the Discussion section. In total we reviewed 78 papers, representing 66 angiosperm species. Seven papers contained information on two different species. Of the 30 species for which data were available, 43% were found in five populations or less.
All papers included in the literature survey are cited in the Appendix, with selected examples annotated to represent a range of research approaches. Of the 78 studies examined, 27 (34.6%) took a genetic approach and 47 (60.3%) were predominantly ecological. Four studies incorporated both genetics and ecology. Moreover, the research approach used depended on whether the study was motivated by conservation (2 x 2 contingency test, G = 7.6, P < .05, n = 63; studies with both ecology and genetics were excluded). Conservation was the primary motivation in only 52% of 67 studies scored. Of these studies, 74% were ecological and 23% emphasized genetics. While there are a substantial number of investigations with a genetic emphasis, ecological research predominated when conservation was a focus of the study. A genetic approach was used more frequently in investigations motivated by issues other than conservation, such as the consequences of small population size and number, the evolutionary history of endemism, or the basic biology of rare plants.
In most of the genetic investigations, evolutionary potential was inferred from geographic surveys of biochemical (isozymes) and molecular (DNA) polymorphisms (e.g., Moran et al. 1988, Rieseberg and . These marker genes provide estimates of allele diversity and levels of heterozygosity within populations as well as measures of the distribution of existing variation among populations (Hamrick et al. 1991 , Schaal et al. 1991 ; however, their relationship to genes more directly related to fitness is often obscure. For this reason, the magnitude of genetic variation for quantitative characters may be more relevant and has been measured by documenting morphological variation or by using more sophisticated quantitative genetic approaches (R. Lande, unpublished manuscript).
Despite its importance, only six studies in our survey described variation in quantitative characters in rare species (e.g., Meagher et al. 1978) , and one considered the importance of inbreeding depression .
The ecological studies in our survey focused on several attributes of target species including: plant associates , competitive interactions (e.g., ), habitat requirements (Vivian 1967) , habitat descriptions , and reproduction and pollination ecology (Mehrhoff 1983 . In most cases, ecological factors operating within populations were the main focus; however, three ecological studies (Meagher et al. 1978 , Menges 1990 ) discussed factors that influence the metapopulation, such as environmental variation and disturbance.
Although genetic and autecological approaches have played a major role in research on rare plants, we question the priority given to such information in many conservation research programs. The factors examined are often chosen arbitrarily, with little attention given to the biology of the species. Concentrating on such attributes of natural populations initially in a research program would be ineffective and inappropriate unless their relative impact on population vital rates and longterm persistence has been demonstrated. Our survey suggests that this information is rarely available. Twenty-two (48%) of the ecological studies examined included some demographic measurements relevant to population vital rates (e.g., Meagher et al. 1978 , Hutchings I 987, Hegazy 1990 ); however, only three studies used demographic models to predict the viability of populations , Mehrhoff 1989 , Menges 1990 . With the exception of the investigation of inbreeding depression ), none of the genetic studies related their findings to demographic attributes of populations.
Under some circumstances, autecological and genetic approaches may be useful during the initial stages of research and management. Ecological data will be required when, for example, a single environmental factor is the clear cause of population decline. Similarly, estimates of genetic diversity may be important when specific genes have been identified as the major determinant of decline (e.g., lack of incompatibility alleles; Thien et al. 1983 or when establishing ex situ collections or reintroducing individuals to the wild, particularly when variation is valued for its horticultural or agricultural uses (Schaal et al. 1991) . In general, factors such as the magnitude of genetic diversity or levels of herbivory on a species represent two of many possible causes of rarity in plants. While such genetic and ecological information may be considered in future recovery programs, they are of limited use in an initial assessment of species status because they cannot predict population vital rates nor the future viability of populations.
STEPS TOWARD RECOVERY
We suggest that the development of recovery efforts for an endangered plant species requires a "top-down" approach, with answers to three fundamental ques- the life history stages that have the greatest effect on population growth and species persistence? An answer to this question focuses research efforts on those aspects of the species biology that constitute the greatest threat to survival. Third, what are the biological causes of variation in those life history stages that have a major demographic impact? Only with this information is it possible to initiate effective recovery efforts. Our discussion here focuses on how to best evaluate the health of a rare plant species in an ideal sense. Logistical, political, and economic considerations clearly will place constraints on development of a research strategy.
Evaluating the status of rare and endangered species
For rare and endangered plants we suggest that the most biologically relevant question is: given current conditions, is population size increasing, decreasing, or stable? To answer this question requires a demographic analysis, i.e., the study of population size and the growth, survival, and reproduction of individuals within populations. The simplest approach is a census of the number of individuals through time. Although this may suffice in many situations, it will not provide an accurate projection oflong-term population trends. For example, a long-lived species with poor recruitment may not show a population decline until the oldest individuals begin to die. This approach is also likely to overlook cryptic life history stages such as a dormant seed bank that could contribute to population growth rate. Demographic projections based on population averages for birth and death rates can estimate population trajectories, but like the simple census approach, they cannot identify the causes of population decline. Only by identifying the life history stages that have the greatest impact on population growth can the conservation biologist begin to design efficient recovery efforts.
The only approach to evaluating biological status that provides both an assessment of population growth trajectories and identification of the life history stages that most affect population growth involves matrix projection models (Leslie 1945) . Because demographic parameters in plants are determined more by the life history stage or size of an individual than by its age (Harper 1977) , the Lefkovitch stage-based model (Lefkovitch 1965) is most appropriate for studying plant population dynamics. Here we provide a brief overview of this approach. Caswell (1989) provides a complete summary of the theory and uses of the matrix population model, and Menges (1986) discusses its application to the conservation and monitoring of rare plants.
The matrix population model begins with the classification of individuals in a population into categories that reflect biologically relevant life history stages. The individuals are permanently marked, and at each year's annual census they are classified by stage, and their reproductive output is recorded. For each census interval one obtains a life cycle graph (Caswell 1989) summarizing all possible transitions within and between stages. Fig. 3 illustrates a life cycle graph for a hypothetical plant population with five life history stages: seeds, seedlings, juveniles, subadults, and adults. With the exception of the arrow indicating the number of seeds and juveniles produced by adults, all arrows in the diagram represent the probability that individuals at a given stage will grow (increase in size), survive (remain in stage of previous year), or regress (decrease in size) over the time period t to t + I (Fig. 3) . Numerical values for all possible transitions are assembled in a projection matrix A, where each entry au represents the probability that an individual in stage class i at time t contributes or moves to stage class j by time t + I. To estimate population size at timet + I, a vector n, representing the number of individuals in each stage class at time t is multiplied by the matrix A,
The matrix population model provides a quantitative assessment ofbiological status in terms of the rate and direction of population growth. This can be based on the transient dynamics of a population that has not reached its stable stage distribution or on the long-term dynamics of a population that has reached its stable stage distribution, in which case the population grows or declines at a constant rate A, equal to the dominant eigenvalue of the matrix A (Caswell 1989) .
The projection matrix approach has also been extended to assess consequences for growth at the level of the metapopulation Schemske 1986, Caswell 1989) . In a demographic model of the metapopulation, transition matrices for each population or patch are treated as submatrices within the metapopulation transitional matrix, and the entries within the matrix incorporate rates of migration as well as survival and reproduction. Perhaps the most compelling use of demographic models to assess the biological status of rare and endangered plants occupying more than one population is Menges ' (1990) research on the population dynamics of Furbish's lousewort (Pedicularis furbishiae). Through the use of stage-based projection matrices and meta population modeling, Menges (1990) demonstrated that the persistence of Furbish's lousewort could not be assured by protecting individual populations. Instead, effective management of this species requires the protection of a habitat corridor, large enough to maintain a sufficient number of patches for recolonization.
The validity of the assumptions made in a matrix population model will depend on how the model is applied (Caswell 1989) . Where the goal is to project long-term population trends, as will often be the case for endangered species, the assumption of a constant projection matrix is clearly unrealistic. Deterministic changes in demographic parameters, as might be caused by succession (Horvitz and Schemske 1986) , coupled with demographic and environmental stochasticity (Menges 1992) , will cause the elements of the projection matrix to vary in time and space (Bierzychudek 1982, Fiedler 198 7) . The effect of environmental variation on population persistence has been the subject of several theoretical models (Cohen 1979 , Tuljapurkar 1982 , Lande and Orzack 1988 ), but has not been well studied in natural plant populations (Bierzychudek 1982 , Aberg 1992 . In a computer simulation, however, Menges ( 1992) found that imposing environmental stochasticity on projection matrices from natural populations caused an increased risk of extinction in populations that otherwise show positive growth. Therefore, incorporating variation in demographic parameters into projection matrices may be critical to developing realistic models of population and species viability.
Identifving critical l(fe history stages
Once the status of an endangered species has been established, it is crucial to identify the stages in the life cycle that contribute most to population or metapopulation dynamics. This will allow the conservation biologist to investigate biological processes that affect those stages and to design recovery measures. Genetic or autecological approaches cannot provide this kind of information. In contrast, a matrix population model can be used in a number of ways to identify the stages that have the greatest effect on population growth (Caswell 1989) . Simulations and sensitivity and elasticity analyses can be used to answer the question: How does a change in each demographic parameter affect population growth rate? Simulations are conducted by calculating the population growth rate that would result from prescribed changes in a demographic parameter. conducted a simulation of projection matrices to show that increasing the seed number per capsule to the maximum observed had relatively little effect on the population growth rate of three rare Calochortus spp., but had a large, positive effect on the population growth rate of a common congener. Sensitivity is a measure of how population growth rate responds to small changes in a demographic parameter and is equal to the slope of the relationship between A and a particular demographic parameter. Elasticity is a measure of proportional sensitivity and is calculated as the product of the sensitivity for a particular demographic parameter and the actual value of that parameter in the projection matrix divided by the population growth rate. Kalisz and McPeek (1992) examined the population dynamics of the winter annual Collinsia verna using a projection matrix approach and by sensitivity analysis determined that a seed bank was critical to the demography of this species. In this example, a demographic analysis was instrumental in identifying a stage that is inconspicuous and whose importance would otherwise have been underestimated.
It is worth clarifying that sensitivity/elasticity analyses indicate the change in population growth that results from a proportional change in each demographic transition probability. However, as stated previously, transition probabilities are likely to vary in natural populations, and the magnitude of variation will differ among life history transitions. As a result, the stage in the life cycle most limiting to population growth may be the one with greatest natural variation and not necessarily the one identified as showing the greatest elas- Ecology, Vol. 75, No. 3 ticity. This incongruence highlights again the need for realistic demographic models in assessing the status of an endangered species.
Biological causes of variation in demographically sensitive life history stages
Once it is known what stages in the life history have the greatest impact on population growth, experiments and observations are needed to estimate the relative importance of the genetic or ecological factors that affect these stages. In the absence of obvious external threats, the most efficient approach is to simultaneously investigate the contribution of a number of factors to variation in a particular demographic parameter. For example, Sork (1987) conducted a series of experiments to estimate the relative importance of seed and seedling predation and light levels on seedling establishment of the tropical tree Gustavia superba. Bazzaz et al. (1982) examined the influence of both genotype and nutrient levels on survivorship in experimental populations of Phlox, and Schemske and Horvitz (1988) estimated the contribution of pollinators, antguards, and herbivores to variation in fruit production among plants of the neotropical herb Calathea ovandensis. By identifying the genetic or ecological factors that pose the greatest threat to a species, such studies can guide effective recovery efforts.
REVIEW AND EVALUATION OF RECOVERY PLANS
We have suggested that the most effective course of action towards the recovery of an endangered plant species requires a demographic assessment of biological status, the identification of life history stages that have the greatest impact on population growth, and the determination of the biological processes affecting these stages. Are present recovery measures consistent with these approaches? What criteria are now used to identify research priorities and recovery targets for endangered plants?
To answer these questions we reviewed recovery plans written for the U.S. Fish and Wildlife Service that were available in May of 1992 through the Fish and Wildlife Reference Service. Our analysis included only those recovery plans that provided data and recommendations for individual species (plans prepared for groups of species or communi ties were excluded), giving a total of 98 species. The average date of publication for the recovery plans we surveyed was 1987 (range: 1980-1992) . Although other databases are available that provide biological information on many more species (e.g., Center for Plant Conservation 1991 ), we chose to focus on species with recovery plans because they provided us with the opportunity to examine biological attributes and recovery measures proposed for the same group of species.
Each plan contains four major sections: Introduction, Recovery, Implementation Schedule, and Appendix (USFWS 1990a). The Introduction includes a description of the species, its distribution, habitat/ecosystem information, life history/ecology, reasons for listing, conservation measures, and strategy for recovery. The Recovery section includes the objective and criteria for recovery, an outline for recovery actions, and the literature cited. The Implementation Schedule gives task priorities and descriptions, identifies the responsible parties, and provides cost estimates. The Appendix includes lists of reviewers and copies of some of their comments.
Here we provide an overview of the biological characteristics of the 98 species we surveyed, discuss the research recommendations for those species, and evaluate the recovery targets that would allow a species to be delisted. For an in-depth review of recovery plans focused on the needs of the field manager, see Cook and Dixon (1987) .
Biological characteristics.-The recovery plans we surveyed lacked sufficient biological information to assess the dynamics of populations or ofmetapopulations for any of the species. Indeed, detailed demographic information was available for only 33% of the species; in contrast, autecological information was reported for 94% of the species. Genetic information was available for 8% of the species. The following was provided for most of the listed species, and in the absence of more extensive demographic information, probably provides the best indication of biological status: (1) the number of populations, (2) the total number of individuals, (3) geographic range, (4) ecological requirements, and (5) the present causes of endangerment.
Most endangered species are found in only one or a few populations (Fig. 4) . Of the 91 species for which these data were available, those with a single extant population are most common (17.6%), and over half of the species are found in five or fewer populations (Fig. 4) . These results are consistent with the general conclusions from other databases, which indicate that most rare species occur in few populations (Holsinger and Gottlieb 1991 ) . The vast majority of species have a very restricted geographic range and narrow habitat requirements. The number of states (or territories, e.g., Puerto Rico) per species averaged 1.68 ± 1.54 (mean ± 1 sn; range 1-12), with 66.3% (65 species) found in a single state, and 23.5% (23 species) found in just two states. Of the 85 species for which habitat data were available, we classified 85.9% (73 species) as having narrow ecological requirements. A striking example of a species with a restricted geographic range and narrow habitat requirements is the white-haired goldenrod (Solidago albopilosa), which is found in only three adjoining counties in Kentucky where it occupies partial shade behind the dripline of sandstone rockshelters (USFWS 1991a).
We identified the primary cause of endangerment for each species (Fig. 5) . The distinction between the historical causes of species decline and the current threats to persistence are not discernible in recovery plans, so we treated all factors that adversely influence species persistence as causes of endangerment. In addition, most species experience more than one threat, so our classification does not represent all of the threats to endangered species. Development constituted the most frequent threat (20.4%), followed equally by grazing (10.2%), and collecting (10.2%). Not surprisingly, human activities were the primary cause of endangerment for all but one species.
In summary, the rare and endangered plants in our sample of federally listed species with recovery plans have a small number of populations, a restricted geographic range, narrow habitat requirements, and face a diversity of threats to their persistence.
Research recommendations.-For each species we
recorded the kinds of research proposed in the recovery plan for that species. The primary research focus was ecology, recommended in 96% of the recovery plans. In most cases the proposed ecological research focused on factors limiting to a species distribution (e.g., soils, nutrients, moisture, etc.), pollination biology, and other kinds of autecological information. Rarely was the ecological research motivated by prior information regarding the demographic importance of one or more life history stages.
Demographic research was proposed for 84% of all species, but for only 17% was the use of projection matrices indicated. In most cases the proposed demographic research involved only the monitoring of individuals and/or populations, and it was rarely made clear how such data would be used in developing recovery guidelines. There were, however, some species where the recommendations for demographic research were linked to recovery objectives. For example, the research recommendations for Vahl's boxwood (Buxus vahlii) included a matrix approach to determine the number of populations and individuals necessary to ensure species stability (USFWS 1987a). Likewise, for autumn buttercup (Ranunculus acriformis) a demographic matrix approach was proposed for evaluating the status of populations and to target vulnerable life history stages (USFWS 1991 b) . Demographic approaches were also proposed to identify minimum viable population sizes in clay-loving wild buckwheat
(Eriogonum pelinophilum) (USFWS 1988b), Canby's dropwort (Oxypolis canbyii) (USFWS 199Gb), and the Uinta Basin hookless cactus (Sclerocactus glaucus) (USFWS 1990c), and to establish population growth trajectories for the lakeside daisy (Hymenoxys acaulis) (USFWS 1990d) and for Texas snowbells (Styrax lexana) (USFWS 1987b).
Research in population genetics or ecological genetics was proposed for 26% of the species. In most cases it was not clear how this research would aid in recovery. For example, the recovery plan for Peter ' on genetic variation and the subsequent development of a population genetics model to determine the number of populations and effective population sizes required for long-term survival (USFWS 1990e). This emphasis on the genetics of rarity is a clear case of overkill, as only four individuals of the mallow are known to exist in the wild. Electrophoretic work was proposed for Michaux's sumac (Rhus michauxii) (USFWS 1992b ) with the justification only that "it might be useful," and that the relative success of individual genotypes may be measured using these data.
One common theme in the justification for genetic studies was the need to determine the distribution of genetic variation within and between populations. The recovery plan for spreading avens (Geum radiatum) (USFWS 1992c) proposed to collect such information, but there was no indication as to how these data would be used in recovery efforts. The recovery plan for Kral's water plantain (Sagittaria secundifolia) suggests that "the amount of genetic variability within populations, and the species as a whole, is also important in assessing minimum viable population parameters" (USFWS 1991c). Similarly, for prairie bush clover (Lespedeza leptostachya) it was suggested that genetic studies be conducted "to determine minimum population parameters that must be reached to sustain individual populations and the species as a whole" (USFWS 1988c) . If the proposed genetic study of Fassett's locoweed (Oxytropis campestris) found that certain populations contained little genetic variation, it was suggested that "the long-term sustainability" of these populations could be affected (USFWS 1991 d). As we have suggested previously, demographic criteria are probably far better indicators of the biological status of rare species than is information on the magnitude and distribution of genetic variation, whose connection to population viability has been theoretically Gabriel 1990, Lynch and Lande 1993) , but not empirically, demonstrated.
In summary, the areas of research that received the greatest emphasis were ecology, motivated primarily by the search for "limiting factors," and demography, mostly involving the monitoring of individuals and/ or populations. The demographic research proposed, with some notable exceptions, was not designed to provide information on the biological status of species, nor to identify life history stages critical to population dynamics. Genetic research was proposed for some species, but in virtually all cases there was little indication as to how these data would be used in recovery efforts. We conclude that the research recommendations for federally listed plants are, in general, not sufficient to identify the biological information required to develop sound recovery guidelines.
Recovery targets. -For most federally listed species, the recovery plan includes a statement of the recovery criteria and objective (USFWS 1990a). The recovery criteria are given in quantitative terms, i.e., the number of individuals or populations, and the recovery objective refers to whether and how the species would be reclassified if the recovery criteria are met. Guidelines for the recovery criteria and objective section require the author of the recovery plan to estimate the number of geographically distinct, self-sustaining populations that are necessary for a species to be considered for reclassification. This clearly requires information regarding the demography of individual populations (are they self-sustaining?) and theoretical and/or empirical justification of the number of target populations, yet we found little evidence that such data had been considered in making the recommendations.
We chose to focus on the removal of a species from the list of federally endangered species as the recovery objective in our survey. The mean number of target populations per species that would meet the objective of delisting was 11.6 ± 12.2 (mean ± I so, range 1-80, n = 74 species), and the mean ratio of target populations to current populations was 1.99 ± 1.89 (mean ± 1 so, range 0.08-10, n = 70). Thus, the recovery objective proposed for delisting a species is met, on average, when the number of self-sustaining populations is twice the number of current populations. The correlation between the number of target populations required for deli sting and the number of current populations was positive and highly significant (r, = 0.73, P < .0001, n = 70). This indicates that recovery criteria were based, in large part, on the current number of populations and not on the biological status of the species.
It is worth noting that the guidelines for writing a recovery plan do not require the author to justify the recovery criteria. The following quote from the guidelines illustrates the approach: "Quantifying recovery criteria calls for creative thought, and developing the criteria may require educated guesswork. This may be difficult for scientists accustomed to basing their statements on hard data rather than conjecture" (USFWS 1990a:I-11). It is clear from our reading of the recovery plans that the recovery criteria proposed for a species are, in fact, little more than guesswork. To make a decision on recovery criteria requires information on the population dynamics of the species, but research aimed at collecting these data is rarely proposed. We are left with the disheartening conclusion that although the recovery criteria may be the most important component of a recovery plan, they have minimal scientific credibility. For the recovery criteria to have any value, demographic information regarding the biological status of the species is required. This includes information on the population dynamics of individual populations and on the role of extinction and colonization in metapopulation dynamics.
CONSTRAINTS ON RECOVERY APPROACHES
In addition to understanding the biology of endangered plants, conservation biologists must be fully informed of the political and economic factors that can limit the feasibility and effectiveness of recovery efforts. Clark (1989: 3) emphasized that a major weakness of recovery programs for endangered species is a failure to recognize that "numerous non-biological factors and forces have direct, immediate and paramount significance to endangered species recovery."
A major political hurdle facing managers of rare plant recovery is the coordination of conservation efforts throughout a species' range. For example, the Endangered Species Act of 1973 (16 U.S.C. § § 1531-1544: USFWS 1988a) protects federally listed fish and wildlife on all lands, public or private, while endangered species of plants are protected only on areas under federal jurisdiction. This seriously limits the authority of many plant recovery efforts; our survey of recovery plans showed that private lands were very important to the conservation of 50% of federally listed species. In addition, populations of a single endangered species, even if found exclusively on federal lands, could fall under the management policies of a number of federal agencies (e.g., U.S. Forest Service, Bureau of Land Management, or National Park Service). In these cases, coordination among agencies becomes a real challenge. Both assessment of status and design of new populations could be seriously impeded because of the number ofland management agencies potentially involved. The Clinton administration's recent formation of the National Biological Survey within the Department of the Interior may improve communication among federal biologists concerned with endangered species management.
Even a recovery plan based on excellent biological information will succeed only if the steps recommended in the plan are taken. Fish and Wildlife Service reports from 1983 and 1984 indicated that little attention was being given to plant recovery efforts Dixon 1987, Dixon and Cook 1990) . The 1988 amendment to the Endangered Species Act requires a report on all listed species every 2 yr (J. Knight, personal communication) . A systematic review of the success of recovery plans is necessary to both encourage their implementation and provide feedback for planners and conservation scientists.
Based on our review of the recovery plans, the mean estimated cost of recovery for each federally listed species is $159 000 (n = 94 species). Although this is most certainly an underestimate, it does suggest that substantial progress can be made if moderate funds are made available. At present funding levels, however, the outlook is not favorable. In 1992 the Congress appropriated $41.5 million for the endangered species program of the U.S. Fish and Wildlife Service, which was less than the Agriculture Department's Beef Promotion and Research Board spent on the advertising campaign "Real Food for Real People" (Eaton 1992 ). This amount supports only the drafting of recovery plans for endangered species and does not include the additional financial burden on federal land management agencies (e.g., U.S. Forest Service, Bureau of Land Management, National Park Service) whose budgets must support coordination and actual implementation of the recovery plans once drafted by the U.S. Fish and Wildlife Service. Obtaining the biological data required to design and implement effective recovery for even a fraction of the federally listed plant species appears unlikely without a substantial increase in financial support.
RECOMMENDATIONS
The combination of escalating threats to species survival and severe fiscal and political constraints have created a need for conservation biologists and land managers to develop realistic and efficient guidelines for the management of rare and endangered species. Despite this imperative, our review ofUSFWS recovery plans shows that a conceptual framework for collecting and interpreting information necessary for effective management of federally listed plant species is lacking. Progress is currently impeded by a lack of biological information and inadequate communication among the interested parties. On the one hand, recovery plan recommendations have not incorporated the conceptual guidelines and quantitative tools developed largely by ecologists and population biologists. On the other hand, as is exemplified by the debate over the role of genetics and demography in conservation (Lande 1988 , Holsinger and Gottlieb 1991 , Menges 1992 , academics have not provided clear guidelines regarding the most valuable and cost effective approaches for managers involved with endangered species recovery. The recommendations we provide here for improving plant conservation efforts include a realistic approach to field studies on rare plants, the development of new theoretical and empirical tools to guide the resource manager in formulating recovery action, and the need for increasing the level of communication among all concerned with recovery of endangered plants.
A framework for conservation approaches
The research question implicit in most recovery plans is "Why is this taxon rare?" (Cook and Dixon 1987) .
As Cook and Dixon emphasize, this is the wrong way to motivate a research program in conservation biology. A more appropriate question is "Is this taxon declining, and if so, why?" We advocate a demographic framework for rare plant recovery efforts, which consists of three steps: first determine the biological status of a species, then identify the life history stages critical to population growth, and finally determine the underlying biological causes of variation in critical life history stages. Demographic approaches provide a quantitative way to determine if populations are "selfsustaining," and can therefore be used to explicitly evaluate the recovery criteria for delisting rare and endangered species as is mandated by the U.S. Fish and Wildlife Service.
In contrast to other ecological and genetic approaches, a demographic approach utilizing projection matrices can make predictions regarding the dynamics of the population and of the metapopulation. Our conclusion is at odds with the suggestion that "knowledge of the levels and distribution of genetic variation thus become a prerequisite for the establishment of effective and efficient conservation practices" (Hamrick et al. 1991 :75) . Rather, we maintain that only after the demographic status is known can the underlying ecological and genetic causes of decline be identified and considered efficiently.
For many endangered plants, the best approach to assessing biological status will be to census marked individuals representing all life history stages for the purpose of generating the data needed to construct a matrix population model. Pavlik and Barbour (1988) and Hutchings (1991) also recommended complete censuses for population monitoring. We recognize that it will often be necessary and appropriate to utilize other methods of assessing biological status. Limited resources can restrict the scope of a monitoring program, but biological attributes of the species should also be considered. For example, there clearly will be some species whose plant densities are now so low that using projection matrices to investigate population trends would be useless. Such is the case for Peter's mountain mallow (Iliamna corei) which has only four surviving individuals (USFWS 1990e). For species with very low numbers, a simple count of individuals at regular intervals may suffice. Palmer (1987) reviewed rare plant monitoring, and emphasized the need to develop monitoring efforts that are most consistent with project goals, and suggested demographic and experimental studies for threatened species. Criteria for determining the intensity of monitoring efforts should be based on the degree of endangerment. For example, The Nature Conservancy in Oregon has adopted a hierarchical scheme for determining the intensity of population monitoring, ranging from qualitative estimates of abundance for those species at low risk to full demographic studies of marked individuals for those species at highest risk (D. Salzer, personal communication) . E. S. Menges and D. R. Gordon (unpublished manuscript) propose a three-level, hierarchical approach to population monitoring designed to accommodate species that differ in priority and management objectives.
For those species with more than one extant population, assessment of the biological status of the metapopulation is necessary. An emphasis on metapopulation dynamics will be particularly important for assessing the status of species with high population turnover, or when colonization is dependent on environmental disturbance. For example, Florida golden aster (Chrysopsisfloridana) (USFWS 1988d) and hairy rattleweed (Baptisia arachnifolia) (USFWS 1984a) are dependent on fire for establishment, running buffalo clover (Trifolium stoloniferum) originally exploited disturbance by bison (USFWS 1989) , and Furbish's lousewort (Pedicularis furbishiae) colonizes disturbed riparian habitats (Menges 1990) . Ideally, assessing biological status for these species requires a matrix model for each population. However, when resources are limited, simply monitoring the number and size of populations within a broad area would provide information concerning changes in the meta population and the relationships between metapopulation and withinpopulation dynamics. These metapopulation dynamics are more important for species in ephemeral habitats than for species that occupy stable habitats, where individual populations may reach and maintain an equilibrium, e.g., relict trillium (Trillium reliquum) (USFWS 1990/) and white-haired goldenrod (Solidago albopilosa) (USFWS 1991 a).
For most rare plant taxa, research to identify the limiting life history stages and the factors affecting them needs to begin before the status of a species has been completely characterized with a matrix model. In these cases, the field biologist is forced to combine observations, intuition, and experience to judge which life history stages should be the focus of research efforts so the data collected will contribute to species recovery (Cook and Dixon 1987) . As an initial estimate oflimiting life history stages, the current stage structure of the population can be quantified using a life cycle graph (Fig. 3) as a template. Using this demographic framework, managers will be able to quickly identify "senescent" populations that are in jeopardy because early stages in the life cycle are poorly represented or missing. For example, no seedlings have been observed in Chapman's rhododendron (Rhododendron chapmanii) (USFWS 1983) or McKittrick pennyroyal (Hedeoma apiculatum) (USFWS 1985) , and seedling survivorship is extremely low for the Antioch Dunes evening prim-rose (Oenothera deltoides howellii) (USFWS 1984b) . The failure of these species to recruit new individuals into their populations indicates that initial recovery efforts should focus on early stages in the life history. However, as a cautionary note, experience in animal conservation programs suggests that biological intuition alone may not correctly identify the life history stage most critical to population growth (Crouse et al. 1987) . Full-scale demographic analysis is the best approach, because it may reveal non-intuitive patterns in plant population dynamics (e.g., Kalisz and McPeek 1992) .
For most species, demographic information will be far more useful in assessing status and in developing recovery efforts than will genetic information (see also Lande 1988 , Menges 1992 . There are, however, some circumstances where genetic research may be justified. For example, when establishing new populations it may be desirable to identify the distribution of genetic variation within and between populations to aid in identifying the best source material. However, because most endangered species have a limited number of populations (Fig. 4) , obtaining seeds from a large sample of individuals from the extant populations will likely capture most of the existing genetic variation (Brown and Briggs 1991 ) , and eliminate costly and time-consuming genetic studies (see Holsinger and Gottlieb 1991 ) . Genetic information may be useful for establishing conservation priorities when only a subset of the current populations can be protected, as is the case for swamp pink (Helonias bullata) (USFWS 199le) . In addition, genetic surveys may be helpful for determining conservation priorities among different plant taxa. In some cases, taxonomic distinctiveness may be an important criterion for setting priorities (Holsinger 1992) , and genetic analyses may play a role in settling questions of taxonomic status.
An example of a potential overemphasis on measures of genetic diversity in conservation programs is the recent interest in the establishment of Gene Resource Management Units (GRMU). GRMU are defined "as any designated forest area that meets minimum genetic management objectives" (Millar and Libby 1991: 160) , and in which genetic conservation is given the highest priority. This management approach was originally conceived for conservation of widespread economically important tree species managed by foresters (Krugman 1984) ; in such cases where populations are effectively monocultures, a genetic focus may be appropriate. However, discussion of extending the GRMU concept to natural communities of herbaceous or woody plants (Millar and Libby 1991) would not be an effective application of genetic approaches. Given the costs of surveying genetic diversity for each species in the community and the lack of demographic information to evaluate the contribution of variation at isozyme loci to the viability of populations, such an endeavor is highly unlikely to aid conservation efforts.
Conservation biologists continue to evaluate recovery guidelines, and there is now discussion of moving away from the present focus on the conservation of individual species and towards the conservation of ecosystems (Eaton 1992 , Fiedler et al. 1993 . The basic premise is that a healthy ecosystem will provide ample opportunity for the historical assemblage of species to reach their natural densities without costly and untested management. Proponents of an ecosystem approach argue that single-species conservation efforts are based on an assumption of equilibrium conditions (Fiedler eta!. 1993) . However, this assumption is not a prerequisite for single-species conservation when metapopulation dynamics are considered. Management of endangered species will often require a metapopulation approach that incorporates migration, patch dynamics, and population turnover (see above, Factors aJfecting species abundance: Metapopulation dynamics). Because the populations of many rare and endangered plant species are imbedded in a degraded, fragmented landscape, it will often be difficult to acquire and restore enough habitat to manage only at the ecosystem level. Furthermore, the health of an ecosystem is determined by the health of its constituent species; an ecosystem approach will still require that the biological status of endangered species be assessed.
A general demographic framework will dictate the steps necessary for species recovery. The great diversity seen in the biological characteristics of federally listed species, and in the primary causes of their endangerment (Fig. 5) , suggests that each species will require a somewhat different research plan. The appropriateness of a full matrix population analysis, as well as various ecological and genetic studies, will be determined by the biology of individual species and the primary causes of endangerment.
Theoretical and empirical research needs
Scientists in the academic community can contribute to plant conservation efforts by developing new theoretical and empirical tools for use in designing and implementing recovery plans. The breadth of expertise demanded of recovery plan architects under the current system is unrealistic, and this has led to impractical and inefficient recommendations for research in plant conservation. In addition, research questions designed to contribute to rare plant recovery must reflect the external constraints on conservation efforts. Without clearer guidance from scientists whose research on rare species is motivated by conservation concerns, meeting recovery goals will remain a nearly impossible task. Based on our assessment of rare plant recovery efforts and information published in the scientific literature, we see five main areas of research in need of attention:
(1) development of monitoring guidelines for assessing the demographic status of populations, (2) the role of dispersal and meta population dynamics in species persistence, (3) the relative contributions of genetic and ecological factors to population and species dynamics, (4) the role of environmental and demographic stochasticity in species persistence, and (5) development of practical guidelines for designing and creating new populations.
Determining the biological status of endangered plant populations is the first step in plant conservation efforts. Although we have argued that a matrix population model is the best way to assess status, we also recognize that due to limited resources it will often be necessary to prioritize monitoring efforts. Detailed demographic studies that include the construction of projection matrices should be conducted on those species with highest priority, while population trends for species with lower priority should be determined by less labor-intensive monitoring procedures. The major unanswered question is: What is the minimum amount of information needed to provide an accurate projection of population size? To establish priorities and identify the most effective monitoring procedures will require long-term demographic data on a number of species and the development of simulation models that test the predictive value of different monitoring techniques.
As we have emphasized, consideration ofmetapopulation dynamics may be important at two different steps in the recovery of endangered species: in assessing biological status and in establishing the number of populations required for species persistence. However, our current understanding of the contribution ofmetapopulation dynamics to species persistence is limited. Questions that have not been adequately addressed include: What is the minimum number of populations or density of available patches required for metapopulation stability? How do different life histories, dispersal rates, and spatial arrangement of populations affect metapopulation persistence? Under what conditions are dynamics within populations indicative of dynamics at the metapopulation level? The present failure to appreciate the role of metapopulation processes in plant conservation is perhaps best illustrated by the criterion established in recovery plans that the populations comprising a species must be "self-sustaining" to qualify for delisting. Such an emphasis ignores those nonequilibrium species like Furbish's lousewort (Pedicularis furbishiae) where metapopulation processes play a central role in the overall dynamics of the species.
We have suggested that recovery efforts for rare plants (Lynch and Gabriel 1990 , Halley and Manasse 1993 , Lynch and Lande 1993 , and several investigations of population viability have emphasized the role of ecological factors (Shaffer 1981 , Gilpin and Soule 1986 , Lande 1987 , Menges 1990 . Few existing population dynamic models integrate the effects of both genetic and ecological factors on vital rates or population persistence (Pease et a!. 1989 , Boyce 1992 . Environmental and demographic stochasticity are of greatest importance in small populations and can therefore contribute to the risk of extinction of endangered plant species (Cohen 1979 , Tuljapurkar 1982 , Lande and Orzack 1988 , Menges 1992 . Identifying the contribution of these stochastic forces to population dynamics requires extensive empirical data coupled with simulation modeling. This is an area where long-term empirical studies are needed to address questions such as: What is the magnitude of environmental and demographic stochasticity? Do the demographic consequences of environmental stochasticity differ among life history stages? What is the frequency and spatiotemporal pattern of the environmental factors that contribute to variation in demographic parameters? Because accurate answers to these questions require many years of data, it is impractical to expect that such studies can be conducted for more than a small subset of species. This calls for focused empirical efforts to characterize the demographic consequences of stochastic forces in plant species representing a wide range of life histories and habitats (E. Guerrant, personal communication) and for theoretical efforts to identify ways of predicting long-term responses from short-term data (K. Holsinger, personal communication) .
Perhaps the most challenging task associated with conservation of rare plant species is the design and management of new populations. In spite of state and federal regulations mandating restoration of existing habitat following environmental destruction, success of such projects has been disappointingly low (Bradshaw and Chadwick 1980 , Woodruff 1989 , Holsinger and Gottlieb 1991 . In addition, attempts at introduc-ing rare species into new or historically inhabited areas have produced mixed results (Griffith et al. 1989) . None of these approaches has included a consideration of the dynamics of the array of newly created populations (i.e., the metapopulation). Guidance from the academic community could help address important related questions, such as: What ecological or genetic factors are the best indicators of minimum viable population size and metapopulation size? In species characterized by high population turnover, how can habitat availability be assessed and ensured? What spatial distribution of populations will maximize the likelihood that a species will be self-sustaining?
CoNCLUSIONS
Under the current system for managing endangered species, steps toward conservation are not keeping pace with escalating losses. Between the 1973 enactment of the Endangered Species Act and I 990, only 16 species were delis ted. Over this same period, 26 species which were either listed or under review for listing have gone extinct (M. Rowland, personal communication). Such unacceptable levels of extinction illustrate the need for more effective conservation efforts. Collection of appropriate biological data and better transfer of information will foster progress toward this goal.
Scientists' contribution to plant conservation will be strengthened by better communication with conservation managers, an interchange that is necessary to focus research on the questions most relevant to recovery efforts. Increased communication will promote awareness of the recovery process among scientific researchers and will facilitate active participation in conservation efforts, from the listing of species to development and evaluation of recovery plans. Researchers who choose to make a significant contribution to species conservation need an understanding of policy regulating rare plant management, why that policy is formulated, and political/fiscal constraints on its implementation; that is, a "policy orientation" (Clark et al. 1992) . Not all research on rare species will or should be focused exclusively on conservation issues, but where conservation is the primary motivation for research, work should be directed by the requirements and constraints of the conservation arena. The recent formation of a Committee for Ecological Conservation, a joint endeavor of the Ecological Society of America and The Nature Conservancy, is a positive step to improve the interchange between scientists and conservation organizations (ESA 1992) .
The demographic approach to conservation of rare plants will entail collection of extensive demographic data, construction of stage-projection matrices, and analysis of meta population dynamics. Individuals who implement recovery plans are unlikely to have the resources and experience necessary to carry out such a program. Practical guidance and instruction in demographic techniques need to be available to conservation managers. Organizations such as the Center for Plant Conservation will play a critical role in providing this kind oflink between the academic community and those who design and implement recovery efforts (D .  Falk, personal communication) .
Communication among land managers at all levels of government is another challenge to species recovery. Interaction is crucial among the diverse federal and local agencies charged with the responsibility of implementing recovery guidelines, especially when they involve the same target species. Agencies and private organizations involved in plant conservation would gain from sharing biological data on rare plants and details of the successes and failures of recovery measures. Recent workshops to discuss research approaches among local and regional groups involved in endangered plant management are an encouraging start (E. Guerrant, personal communication; R. Sutter, personal communication) .
Plant conservation cannot succeed unless political, economic, and biological factors are incorporated in management strategies. Complicated land jurisdictions, limited funding, and increasing rates of species extinction each present important challenges to the conservation of endangered plants. Ultimately, however, rarity is a biological phenomenon. Without incorporation of critical biological information into research plans, conservation efforts will continue to fall short of recovery goals.
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